Background: Gut microbiota may play a role in non-alcoholic steatohepatitis (NASH). Previous studies showed that prebiotics and probiotics might halt the progression of steatohepatitis. Aim: To clarify the potential effect of Synbiotic 2000 ® Forte (Synb) in preventing or ameliorating diet induced steatohepatitis, particularly in fibrosis progression and how this intervention correlates with gut microbiota composition and endotoxinemia. Methods: Twenty-seven C57BL/6 mice were divided into three groups: chow diet (CD, n = 7); high-fat choline deficient diet (HFCD, n = 10) and HFCD diet supplemented with Synbiotic 2000 ® Forte (four probiotic strains and four prebiotics mixture) (HFCD + Synb, n = 10). At 6 and 18 weeks, blood samples (lipopolysaccharides assay ---LPS), cecal feaces (gut microbiota) and liver tissue (histology) were collected for analysis. Results: Both HCFD diet mice developed steatohepatitis with ballooning at 6 and 18 weeks, opposite to CD. Comparison of histological scores in HFCD and HFCD + Synb, at 6 and 18 weeks showed no significant difference regarding steatosis, inflammation, or ballooning. Evaluating fibrosis with Sirius Red, and degree of smooth-muscle cell activation, HFCD mice had significantly more fibrosis; addition of Synb significantly reduced fibrosis at 6 weeks and 18 weeks. Serum endotoxin levels were similarly increased in HFCD and HFCD + Synb at week 6; however at week 18 HFCD + Synb had significantly lower endotoxin levels than HFCD. Gut microbiota Abbreviations: NASH, non-alcoholic steatohepatits; Synb, Synbiotic 2000 ® Forte; CD, control diet; HFCD, high fat choline deficient diet; LPS, lipopolysaccharide; NAFLD, non-alcoholic fatty liver disease; TLR4, toll-like receptor-4. ® Forte (Synb) na prevenção ou melhoria da esteatohepatite induzida pela dieta, particularmente na progressão da fibrose e como essa intervenção se correlaciona com a microbiota intestinal e endotoxinemia. Métodos: Vinte e sete ratinhos C57BL/6 foram divididos em 3 grupos: dieta de ração (CD, n = 7); dieta gorda deficiente em colina (HFCD, n = 10) e HFCD dieta suplementada com Synbiotic 2000 ® Forte (4 cepas de probioticos e mistura de 4 prebióticos), (HFCD + Synb, n = 10). Às 6 e 18 semanas, foi colhido sangue para dosear o lipopolisacárido (LPS); foram também analisadas fezes do cego (microbiota intestinal) e tecido hepático (histologia). Resultados: Todos os ratinhos sujeitos a dieta HCFD, desenvolveram esteatohepatite com balonização às 6 e 18 semanas, em oposição aos CD. A comparação dos scores histológicos nos HFCD e HFCD + Synb, às 6 e 18 semanas não revelou diferenças significativas em relação à esteatose, inflamação, ou balonização. A avaliação da fibrose através do Sirius Red, e o grau de ativação das células do músculo liso, revelou que os ratinhos HFCD tinham significativamente mais fibrose; a adição do Synb reduziu significativamente a fibrose às 6 e 18 semanas. Os níveis de endotoxina sérica estavam aumentados de forma semelhante às 6 semanas nos HFCD e HFCD + Synb; contudo à semana 18, os HFCD + Synb tinham significativamente menores níveis de endotoxina em relação aos HFCD. A microbiota intestinal dos HFCD vs CD, não revelou diferenças significativas nos filos Firmicutes e Bacteroidetes, quer às 6 ou às 18 semanas; Proteobacteria aumentou às 6 semanas (3.3) e 18 semanas (7.5), enquanto a adição de Synb resultou numa redução à semana 18 (-3.9). Fusobacteria aumentou significativamente à semana 18 (10.2), mas menos com a adição de Synb (5.8).
Introduction
Non-alcoholic steatohepatitis (NASH) is a metabolic liver disease of epidemic importance in many countries, and strongly related with the increased prevalence of obesity and features of the metabolic syndrome in western countries. 1 It is characterized by the association of hepatic steatosis with liver cell injury, ballooning, lobular inflammation and variable degrees of fibrosis, that can progress to endstage cirrhosis. Clinical and experimental research suggests that the pathogenesis of NASH involves a multifactorial mechanism by which, in the setting of a fatty liver, altered lipid metabolism, dysregulated cytokine production and oxidative stress cause injury and provoke hepatic inflammation and fibrosis. 2 In the last years, there has been a great interest in the role that microbiota may play in liver diseases, particularly in non-alcoholic fatty liver disease. 3---8 In fact, several studies have highlighted the association between small intestinal bacterial overgrowth, increased intestinal permeability and nonalcoholic steatohepatitis (NASH), probably due to increased endotoxinaemia and activation of the Toll-like receptor-4 (TLR4) signalling cascade; studies have focused on the possibility that activation of liver fibrogenesis may depend on the stimulation of stellate cells and Kupffer cells by TLR4.
9--- 13 An additional possible role for microbiota in NAFLD, is related with the pathogenesis of obesity, since there is evidence that some Gram-anaerobes, such as Bacteroides thetaiotaomicron are able to degrade plant polysaccharides, 14 thus increasing the caloric extraction from diet; also, colonization of the gut in experimental models of germ-free mice, induces obesity, 15 and in the opposite, microbiota depletion promotes browning of white adipose tissue and reduces obesity. 16 Another potential contribution of microbiota to NAFLD relates to suppression of the lipoprotein lipase (LPL) inhibitor, angiopoietin-like 4, hence allowing continued expression of LPL that regulates fatty acid release from triglycerides in the liver. 17 Our aim was to clarify the potential effects of the four probiotic strains and four prebiotics mixture (Synbiotic 2000 ® Forte) in preventing or ameliorating diet induced steatohepatitis, and particularly fibrosis progression. In order to get a model more similar to human NASH we have chosen a moderate high-fat diet (35%) simultaneously choline deficient (HFCD), since it has been shown that adding choline deficiency to a high-fat diet, amplifies liver fat accumulation. 18 We also aimed to evaluate how this intervention correlates with microbiota composition and endotoxinemia.
Methods

Animal housing and diet
A total of 27 pathogen-free male C57BL/6 six week-old mice (Harlan Laboratories, Castellar, Spain) weighing 15---20 g were housed in individual cages and kept at a temperature of 22
• C, on a 12:12 h light/dark cycle, in the Portuguese National Institute of Health.
Upon arrival, the mice were acclimated for 14 days prior to being used in experiments, and had ad libitum access to tap water and feeding. This study was reviewed and approved by the National Animal Care Committee from Direcção Geral de Veterinária. All procedures with animals were in compliance with the Care and Use of Laboratory Animals.
Steatohepatitis was induced by a high-fat diet (35% total fat, 54% trans-fatty acid enriched) choline-deficient ---HFCD diet, ---Harlan Laboratories, Castellar, Spain and Standard chow diet was obtained from (Mmucedola srl ---4RF21 certificate batch: 250202).
Study design
After acclimatization period, mice were divided into three different groups according the type of diet and product administration: (1) regular chow diet (CD) n = 7; (2) high fat choline deficient diet (HFCD) n = 10; (3) HFCD plus Synbiotic 2000 ® Forte (HFCD + Synb) n = 10. Using a 20-gauge ballpoint metal feeding tube (Harvard Apparatus, Inc., Holliston, MA), mice were inoculated intragastric, three times/week with either phosphate buffered saline (PBS), CD and HFCD groups or Synbiotic 2000 ® Forte: 50 mg/mice (4 × 10 8 bacteria/mouse), HFCD + Synb group. At week 6, five mice of each group were euthanized. The remaining mice of each group were euthanized at week 18.
Bacterial viability of Synbiotic 2000 ® Forte
Each sachet consisted of a combination of 10 11 CFU of each of four probiotics: Lactobacillus paracasei: 25%, Lactobacillus plantarum: 25%, Leuconostoc mesenteroides: 25%, Pediococcus pentosaceus: 25% with bioactive fibres, total weight: 10 g, oat bran: 2.5 g, pectin: 2.5 g, resistant starch: 2.5 g, inulin: 2.5 g.
To access the viability of the Synbiotic 2000 ® Forte mixture, assays in duplicate were performed. After recovery of the lyophilized, the mixture was cultured on Schaedler agar and incubated at 35
• C for 48 h under anaerobic conditions. Colonies were tested for biochemical activities and monitored microscopically by Gram stain. It was observed that the viability of Lactobacillus casei and L. plantarum was 83%, the Pediococus 100% and the Leuconostoc 72%.
Sampling
At the time of sacrifice by cervical dislocation, after 14 h fasting, total body and liver of each mice was weighed. Blood was collected to perform LPS assay. Liver tissue was processed for histology and cecal faeces were taken to evaluate gut microbiota. Serum and faeces were stored at −80
• C until used.
Blood analysis
Blood was collected and centrifuged for 10 min at 3000 rpm. Serum samples were used to perform LPS assay using the Cusabio Biotech CO., LTD, Wuhan, China according to the manufacturer's instruction.
Histology
In each time point, liver mice was obtained and divided into two fragments: one was flash-frozen in liquid nitrogen and kept at −80
• C until analysis. The tissue was homogenized and total proteins were extracted and isolated. The other fragment was placed in a 10% buffered formalin solution. The tissue was routinely processed, paraffin embedded and sectioned at a thickness of 4 m. Haematoxylin---eosin and Sirius Red staining were performed. For the detection of activated hepatic stellate cells, ␣-SMA positive cells were immunohistochemically assessed by ␣-SMA antibody. Immunostaining was performed manually by the peroxidaseindirect-polymer method (Envision Dako ---HRP, Code K4011) for 30 min. Sections 2 m thick were cut, unto Superfrost plus slides, from paraffin-embedded routine tissue blocks. The sections were de-waxed, rehydrated and subjected to epitope antigen retrieval (20 min, 94 • C) The haematoxylin---eosin slides were evaluated blindly by an experienced pathologist and graded for steatosis and necro-inflammation as 0 (absent), 1 (sparse or mild, focal), 2 (noticeable) and 3 (severe) and hepatocyte ballooning was graded as 0 (absent), 1 (few ballooned cells), and 2 (prominent). Fibrosis was quantified by histomorphometric analysis of Sirius Red stained slides, using a digital camera (DFC 320, Leica, Germany) coupled to a bright field microscope (DM4000, Leica, Germany). Three randomly selected fields (10× magnification) of Sirius Red-stained slides (5-mm sections) were evaluated at a final magnification of 100×. Images were analyzed using the LAS Image Analysis from LAS ---Leica Application Suite software. Using the 'Image' tool window, images were prepared for analysis using the 'Adjust contrast' tool to optimize contrast and the 'Threshold' function to select specific signal. Results were measured in terms of % area occupied by specific staining. 19 The same method of histomorphometric analysis was used to quantify activated stellate cells. SMA-positive cells were evaluated in six fields per specimen, which were randomly selected at 200× magnification.
Gut microbiota
Constituents of cecal microbiota were quantified using Fluorescence in situ hybridization (FISH), targeting the phyla Firmicutes (Staphylococcus, Enterococcus, L. casei/paracasei, L. plantarum, Clostridium, Leuconostoc, Pediococcus, Bacilleacea and Streptococcus), Proteobacteria (Enterobacteriacea), Fusobacteria (Fusobacterium), Actinobacteria (Propionibacterium and Bifidobacterium) and Bacteroidetes (Bacteroides).
Choosing and preparing probes
Fourteen probes of 16S rRNA-targeted oligonucleotide probes were designed, validated and used to quantify predominant bacterial groups (SABiosciences Corporation, USA).
Sample preparation and fixation: Faeces samples were weighed and diluted in distillate water (1:10,000). One microlitre of each dilution was placed in slides previously washed with 70% ethanol. After that, all samples were fixed by adding 1 l of 4% paraformaldehyde (Sigma---Aldrich, Sintra-Portugal) at room temperature for 20 min and washed in 3× PBS solution by 2 min, then repeated two more times. Permeabilization: Treatment with 0.05% (p/v) of SDS (sodium dodecyl sulphate) for 20 min and proteinase K (Sigma---Aldrich, Sintra-Portugal) (Cf = 10 g/mL) for 10 min. Denaturation and hybridization: The probes (200 ng/L) and samples were simultaneous denaturated in a bath at 80
• C for 3 min and the hybridization was at 42
• C for 4 h. Washes: After the hybridization, slides were immersed in 0.01× SSC (saline-sodium citrate) and BT/BSA (Sigma---Aldrich, Sintra-Portugal) solutions for 10 min each according the temperature (Table 1) . DNA colouration and observation:
DNA was labelled with DAPI (4,6-Diamino-2 Phenylindole; C16H15N5.2HCl-Vector Laboratories) (1 mg/ml). The slides were observed in a fluorescent microscopy Zeiss Axiovert 200M. This microscopy had simple filters that allowed to see separated the CY3, Texas Red, CY5, FITC and Pacific Blue and DAPI fluorochromes, through the Plan-Neofluar 100× immersion objective.
After the bacteria's identification, pictures were taken for each sample. Using a MATLAB program, and entering into account the weight, dilution of each faeces sample used in the assay, as well the picture area, total of each bacteria was quantified. 20 ,21
Statistical analysis
General descriptive statistics used all available samples. Bacterial variations were considered only for values greater than 2.0 (2× SD/mean) in at least one of the groups.
Bacteria in which the variations in all groups were lower than this value, were not considered. Results from different groups were compared using the Student's t test or Kruskal---Wallis non-parametric ANOVA. Values of p < 0.05 were considered statistically significant. All statistical analysis was performed using SPSS statistics (version 21).
Results
Body and liver weight
All mice had a body weight increase at each time-point during the study, but no significant differences were found between the study groups. However, both HFCD groups showed at 18 weeks an increased liver weight when compared with CD group, as shown in Table 2 . The addition of Synb did not abrogate this increase in liver weight observed in mice undergoing HFCD diet.
Liver histology
Control mice that were given chow diet, had normal livers throughout the entire study (Fig. 1) . On the opposite, all mice undergoing the HFCD diet developed aspects of steatohepatitis, including steatosis, inflammation, ballooning and fibrosis. Consequently, the degree of steatosis, inflammation, ballooning and pericellular fibrosis was significantly higher (p < 0.05) in both HFCD groups than CD (where only mild lobular inflammation was seen); the use of Synb did not abrogate the severity of these histological parameters at any time point, as observed and scored using conventional H&E stained slides (Fig. 1) (Table 3) .
However, when evaluating fibrosis using Sirius Red, it was found that the percentage of fibrosis at 6 and 18 weeks was significantly decreased with the addition of Synb, as seen in Table 4 , p = 0.001 at 6 weeks, and p = 0.04 at 18 weeks.
Activation of stellate cells was evaluated using ␣-SMA antibody. As seen in Fig. 2 , significant increases were found at week 18 in mice undergoing HFCD diet when comparing with CD, p = 0.007. This increase was markedly abrogated by the addition of Synbiotic 2000 ® Forte to HFCD diet, p = 0.003. 
LPS and Gram-negative bacteria
At week 6, there was a significant increase in Gram-negative bacteria and LPS levels in the two HFCD diet groups, when comparing with CD diet, not abrogated by the addition of Synbiotic 2000 ® Forte. However, at week 18, although levels of LPS and Gram-negative bacteria continued to increase in HFCD group, the addition of Synbiotic 2000 ® Forte abrogated this effect, as shown in Fig. 3. 
Gut microbiota
Data from microbiota will be presented at the phylum and species levels.
Phylum level (Table 5)
In HFCD versus CD, there was an increase of Proteobacteria at week 6 (3.3) and at week 18 (7.5) and Fusobacteria (2.8) and (10.2) respectively; concerning Actinobacteria there was a decrease at week 18 (−6.7). Regarding Firmicutes and Bacteroidetes no major changes were observed at the same time course.
In HFCD + Synb vs CD, there was an increase of Proteobacteria at week 6 (5.3) and a decrease at week 18 (−3.9). Fusobacteria had a huge increase at week 6 (41.7), and at week 18 (5.8). Regarding Bacteroidetes there was a decrease at week 6 (−4.6). Actinobacteria had a decrease at week 18 (−7.6). No major changes at Firmicutes were found both times. In HFCD + Synb vs HFCD, no changes found at Proteobacteria and Actinobacteria, an increase of Fusobacteria at week 6 (15.1), a decrease of Bacteroidetes at week 6 (−5.0), and an increase of Firmicutes at week 6 (4.2) and decrease at week 18 (−2.3).
Species level (Table 6)
In the species level, comparing HFCD versus CD, there is an increase of Enterobacteriaceae (2.5 and 7.5) and Fusobacterium (2.8 and 10.2) at 6 and 18 weeks, while there is a decrease of Bifidobacterium (−47.7) and Streptococcus (−5.0) at week 18. A decrease of Leuconostoc was found at both times (−14.9 and −4.6), a decrease of Pediococcus at week 6 (−10.0) and an increase at week 18 (4.2), a decrease of L. casei at both times (−8.7 and −2.7) and a decrease of L. plantarum only at week 18 (−6.6).
Regarding HFCD + Synb versus CD there is an increase of Enterobacteriaceae (5.3 and 3.9) and Fusobacterium (41.7 and 5.8) a decrease of Bifidobacterium (−8.8 and −14.3) at both times, Streptococcus and Leuconostoc a decrease at week 18 (−21.8) and (−56.4). Concerning L. casei there is a decrease at both times (−8.6 and −2.9) and a decrease of L. plantarum only at week 18 (−6.5).
When comparing HFCD + Synb versus HFCD, no changes in Enterobacteriaceae were found at both times, an increase of Fusobacterium at week 6 (15.1) a decrease of Bifidobacterium at week 6 (−14.6) and an increase at week 18 (3.3), a decrease of Streptococcus at both time (−2.2 and −4.4).
Regarding Leuconostoc and Pediococcus an increase at week 6 (23.6) and (14.7) and a decrease at week 18 (−2.3) and (−2.8) respectively. Concerning L. casei and L. plantarum, no changes found at both times. There was no change in species not mentioned (Enterococcus, Clostridium and Propionibacterium).
Discussion
The main finding of the present study is that a symbiotic was able to reduce HFCD diet-induced fibrosis, when evaluated either by the measurement of fibrosis with Sirius Red or the percentage of activated stellate cells. Simultaneously, there was evidence that the addition of the Synbiotic 2000 ® Forte abrogated the HFCD-associated increase in the abundance of Gram-bacteria in the stools, this effect, simultaneously reducing serum levels of LPS. These results reinforce the concept that increased endotoxemia is one of the main mechanisms through which microbiota composition associates with the presence and severity of NAFLD, as previously shown. 22---24 In fact, human studies were able to show elevated serum endotoxin levels in patients with NAFLD, when compared to controls, 25 furthermore elevated in patients with NASH. 26 The diet mice model used in the present study resulted in a full-blown picture of steatohepatitis. The high-fat choline deficient diet model was chosen in order to have more similarities with the human phenotype of NASH. The more classic methionine choline deficient diet model was avoided, since those mice in fact lose weight, in opposition to human NASH. Also, we did not use high-fat diet model, since although they get steatosis, NASH does not systematically develop, thus creating difficulties in the evaluation of an intervention. As intervention, the use of a Synbiotic was chosen instead of a probiotic alone, due to the potential advantage of improving the viability of the probiotic. 27 In human studies, this particular Synbiotic (Forte 2000) has shown to induce lower intestinal permeability and fewer infections in trauma patients, 28 but had no significant impact on the incidence of VAP in critically ill patients. 29 The use of the Synbiotic 2000 ® Forte had no effect in abrogating steatosis or necro-inflammation induced by the HFCD diet, but was able to reduce the degree of fibrosis, with a good correlation with a decrease in Gram-bacteria and LPS. A previous study in rats had shown that a highfat diet (45% fat) was associated with a decrease in total bacterial density and an increase in the relative proportion of Bacteroidales and Clostridiales, which may induce LPS elevation, gut inflammation and TLR4 activation. 30, 31 In the present study, using a less fat diet (35%), but 54% transfatty acid enriched, we have not observed a huge increase in Firmicutes and a decrease of Bacteroidetes, 32 but only a small effect (increase of Firmicutes only at week 18 (1.6) in population ratio HFCD versus CD group, and no changes in Bacteroidetes). Regarding Proteobacteria we observed an increase, that latter being reduced by the addition of the synbiotic. The reduction in Gram-bacteria may be due to increased production of short-chain fatty acids (SCFA), during the anaerobic metabolism of the prebiotic associated carbohydrates. In fact, SCFA are nonspecific antimicrobial substances that decrease pH, inhibiting growth of a wide range of Gram-bacteria. 33 It is of note, that in one recent study where human microbiota was studied, it was found that the abundance of Proteobacteria increased from the healthy group to the obese group and then to the NASH group, being the only abundant phylum exhibiting a significant difference Figure 3 LPS levels (ng/ml), and Gram-negative bacteria. At week 6, there was a significant increase in LPS levels and number of Gram-negative bacteria, in the two HFCD diet groups, when comparing with CD diet, not abrogated by the addition of Synb. At week 18, although levels of LPS and number of Gram-negative bacteria continued to increase in HFCD group, the addition of Synb partially abrogated this effect. between the latter two groups. 34 It was furthermore shown that the Proteobacteria were mostly Enterobacteria, and among those, mostly Escherichia coli that are ethanol producers; the authors also found NASH patients to have more elevated blood ethanol concentrations, 34 similar to previous studies. 35, 36 The increase of Bifidobacterium at week 18, may be responsible for the beneficial effect of the symbiotic; in fact it has been previously shown that an increase in Bifidobacterium associates with an anti-inflammatory effect. 37 Previous studies showed that obesity associates with a low-grade chronic inflammation that contributes to the development of insulin resistance, type 2 diabetes and cardiovascular diseases. 38, 39 In our HFCD diet model, mice did not in fact get obese, but had all the features of steatohepatitis and an increase in LPS suggesting an on-going low-grade inflammation. The mechanisms explaining the high-fat induced, increase in endotoxin levels, may relate to the increase in Gram-bacteria, but it is also possible that high-fat feeding might induce an increase in intestinal permeability. In fact, Stenman and col, found that high-fat feeding in mice significantly increased intestinal permeability of the jejunum and colon, associating with a decreased proportion of faecal UDCA and increased FXR expression. 40 There is also evidence, that high-fat diet induces hyper reactivity against low-dose LPS, through an up-regulation of CD14 by leptin-mediated signalling. 41 The observation of increased activation of hepatic stellate cells (HSC), and increased fibrosis, is probably due to LPS-mediated signalling through toll-like receptor 4 (TLR4), 42 which has been identified as a fibrogenic signal in HSC. 43 It is however intriguing that we were not able to find any reduction in the degree of necro-inflammation in mice supplemented with the synbiotic. It is possible that conventional histology was not sensitive enough to detect minor changes in necro-inflammation, since also regarding fibrosis degree, no significant changes were changes were found in conventional histology, although using either Sirius Red, or alpha smooth-muscle immunohistochemistry to detect fibrosis or stellate cell activation, a significant reduction was found. It is possible that a more sensitive approach, eventually using immunohistochemistry to quantify inflammatory cells (macrophages, polymorphonuclear leukocytes, and lymphocyte subpopulations) could clarify the severity of cell-death and associated inflammation.
The present findings reinforce the rational for modulating microbiota in the setting of obesity and NAFLD. In fact, there are a large number of studies evaluating the effect of probiotics in murine models and in humans with NAFLD, as reviewed. 44, 45 However, we are still missing well-designed trials, to evaluate the effect of mixtures of pre and probiotics in NAFLD that are very difficult to accomplish. The difficulty results from the slow and rather unpredictable course of NAFLD, but also to the difficulty of assuring the stability and the amount of the pre and probiotics preparations.
Conclusions
So, in summary we found that mice undergoing a high-fat choline deficient diet develop steatohepatitis, while simultaneously leading to microbial dysbiosis, with increased endotoxemia and liver fibrosis, this effect being at least partially corrected with the use a of a mixture of pre and probiotics. The prospect for using these substances in clinical practice, although attractive, is not yet demonstrated in good clinical trials in humans. Also, we need to be aware that in this study, the Synbiotic 2000 ® Forte intervention was done simultaneously with the diet. In practice, we usually intervene when the situation is already established, what can make a large difference.
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